Summary: We compared morphometric data on various nerve cells in the human special sensory system using the modified Klü ver-Barrera staining method with an extremely minimized shrinkage ratio and an image-analyzer. According to the measurement data of cell-body sizes, we classified nerve cells of the various nerve nuclei in the special sensory system into three groups. These data are of interest to better understand the process of nerve conduction in the special sensory system.
There have been several qualitative reports on the morphology of various brainstem nuclei in humans1,2). Quantitative evaluations, however, are fairly rare, especially with methods minimizing shrinkage ratio. The aim of this study is to bring to light morphological and morphometrical comparisons of various nuclei in the special sensory system.
The special sensory system consists of the visual pathway (lateral geniculate body), the auditory pathway (ventral cochlear nucleus; dorsal cochlear nucleus; medial superior olivary nucleus; inferior collicular nucleus; medial geniculate body), the gustatory pathway (solitary tract nucleus) and the olfactory pathway. We studied morphological and morphometrical data regarding the abovementioned nuclei.
Methods
Using an image-analyzer equipped with a microscope and tissue sections stained with a special method (modified Klü ver-Barrera staining method [K-B] after secondary fixation in chromic acid and embedding in celloidine3), we examined the nerve cells in the special sensory system. We studied the brainstem nuclei after making serial K-B sections (40 mm thick) of the brainstem and cerebellum in a 63-year-old female. Neurons for each nucleus (39 to 269 in number) were selected for measurement.
For the measurement of the neuronal areas, an image analyzing system was adopted: Soft Imaging System GmbH equipped with a microscope (Olympus BX 40) and a computer (Dell Precision 530). Enlarged images (40 times) of the neurons on the liquid crystalline viewer were measured with a pencil-type tracer (Wacom FAVO F630) to trace the contour of neurons having a nucleolus in the nucleus.
Results
Neuromorphological comparisons (see Fig. 1 )
The lateral geniculate nucleus showed six laminations of neurons when it was observed on the coronary section: Layers 1-6 from the bottomup. Among these layers, layers 1 and 2 consisted of larger oval medium size neurons (LGN1 and LGN2), while layers 4 and 5 consisted of rather smaller oval medium size neurons (LGN4 and LGN5).
In the inferior collicular nucleus (ICN), the majority of neurons were small, oval, pyriform, spindle shaped or triangular. In the center of the nucleus, there were medium sized, oval or triangular neurons.
The neurons in the medial superior olivary nucleus, many of them spindle shaped, medium sized neurons were gathered close to each other in a small area (MSON).
Neurons in the medial geniculate nucleus were oval and medium sized (MGN).
The dorsal cochlear nucleus differed in internal architecture from the ventral cochlear nucleus (DCN and VCN). The shape of neurons in DCN were medium sized, predominantly spindle shaped, while the neurons in VCN were characteristic, of medium size, plump, oval or round.
The solitary tract neurons were medium sized, oval and similar in shape (STN). The neurons in the superior vestibular nucleus were spindle shaped, oval, triangular or slender (SVN).
The lateral vestibular nucleus consists of two parts: the large neurons formed the lateral subnucleus; the medial subnucleus was composed of a large number of medium sized neurons (LVN).
The neurons were rather large sized, triangular, oval or multipolar, in inferior vestibular nucleus (IVN).
The majority of neurons were slender, oval, triangular or spindle shaped, in medial vestibular nucleus (MVN).
Morphometrical comparisons
After observation and measurements, the neurons in the special sensory system were classified into three groups: (1) 2 ). The measured data for each nucleus were listed in Table 1 . There were differences in the mean cell body area among layers of lateral geniculate nucleus. The mean cell sizes were larger in layers 1 and 2 than those in the other layers.
Discussion
There are special peripheral apparatus for the reception of special sensations: eyes, ears, equilibrium apparatus, olfactory epithelium and taste buds. The signals from the above-mentioned apparatus are conducted to the brain by appropriate nerves. On the way to or inside the brain, nervous pathways play an important role in the relay of stimuli from peripheral ganglion cells to central nervous nuclei. We mainly studied the relay nuclei of the special sensory system in the brain, as listed in Table 2 .
In the visual system, we studied the cytoarchitecture of lateral geniculate nucleus. The cell body areas of oval medium size neurons in layers 1 and 2 were larger than those in layers 4 and 5. This observation well corresponded to the difference between magnocellular and parvocellular layers. We also observed slight size differences between layers 3 and 4, and between layers 5 and 6. Layers 1, 4 and 6 receive nerve fibres from the contralateral eye, while layers 2, 3 and 5 have connection with the homolateral retina. Further investigation is required to determin if such slight size differences relate to some visual functions. Fig. 1 for abbreviations. **Not studied in this report. In the auditory system, the nerve fiber connection forms an auditory pathway: spiral ganglion ! ventral or dorsal cochlear nucleus ! (trapezoid body) ! medial superior olivary nucleus ! (lateral lemniscus) ! inferior collicular nucleus ! (inferior collicular brachium) ! medial geniculate nucleus ! (acoustic radiation) ! transverse tegmental gyrus (Heschl). The neurons in the relay nuclei described above were of different sizes: for example, between the ventral and dorsal cochlear nuclei; between the ventral or dorsal cochlear nuclei and the medial superior olivary nucleus; between the medial superior olivary nucleus and the inferior collicular nucleus; between the inferior collicular nucleus and the medial geniculate nucleus.
In the vestibular system, there were notable differences in the cell body area among four nuclei. The cell body areas in lateral and inferior vestibular nuclei were extremely large, while those in superior and medial vestibular nuclei were smaller. The cell body area may relate to the conduction velocity of its axon, in the analogy of known response properties of parvocellular and magnocellular layers of the geniculate.
The data from this morphometric evaluation will no doubt be help in nerve conduction studies such as electric response audiometry. Although in the motor system4,5), a powerful muscle is basically supplied by a large neuron, it is not known if such theory can be applied or not to the special sensory system.
